Abstract: Ectomycorrhizal (ECM) communities of Pinus montezumae Lamb. var. montezumae were studied across a volcanic soil chronosequence at Sierra del Chichinautzin, Mexico, to investigate differences in community structure at sites with different soil quality. Study sites were located on volcanic soils of different ages. Both aboveground and belowground fungal communities were compared for 3 years. Species abundance, richness, and diversity were compared among sites. Significant differences were found among the three sites for sporocarp abundance and biomass but not for total ECM root tips. The more diverse sporocarp community was found at the youngest, less fertile site. Dominant species at the sporocarp and ECM morphotype levels differed across the chronosequence. The largest proportion of sporocarp species was siteexclusive, which suggests that aboveground communities depend upon soil conditions. Contrarily, 85% of ECM morphotypes were present at least at two sites. The poor correspondence between the aboveground and belowground views of the ECM fungal community may be due to differences in sampling methodology and level of identification. Inocybe and Laccaria species were abundant fruiters at all sites, and as multisite fungi, they may be tested for inoculum efficiency to be used in reforestation programs in the surroundings of Mexico City.
Introduction
Large tropical forest areas in the world are distributed on soils of volcanic origin. Studies of volcanic soil chronosequences have shown that the progressive weathering of volcanic glass and evolution of physical and chemical soil properties as profile depth, water holding capacity, and nutrient contents generate a gradient in soil development stage and, hence, influence forest growth and productivity (Crews et al. 1995; Jahn and Stahr 1996) . In Mexico, the majority of pine forests grow on volcanic soils, which cover 31 560 km 2 (Secretaría de Medio Ambiente, Recursos Naturales y Pesca 2008). Mexico harbours the greatest diversity of Pinus species, with 75 taxa, and the country is the second centre of evolution and speciation of pines worldwide, with 40% of the recognized species (Perry 1991) . Since the survival of pines depends on ectomycorrhizal (ECM) symbiosis (Pérez-Moreno and Read 2004) , the studies related to their associated ECM fungal communities are of outstanding im-portance. Paradoxically, few studies have examined the distribution of ECM fungal communities in the country (Morris et al. 2008) . Most studies on ECM communities have been carried out in temperate regions, and in general, our knowledge of ECM fungi in tropical countries is rather limited.
ECM fungal communities can be described by aboveground sexual structures and underground vegetative ECM root tips. The poor correspondence reported between both makes complementary sampling necessary to get a larger understanding of the whole community (Gardes and Bruns 1996; Horton and Bruns 2001) . It can be very complex to plan an adequate sampling that describes the ECM community in a representative manner because of the heterogeneous distribution of ECM species in time and space. Both aboveground and belowground ECM fungal communities are determined by their host as well as by soil characteristics. ECM species distribution in temperate and boreal forests is influenced by various soil factors, such as soil nitrogen content (Lilleskov et al. 2002; Trudell and Edmonds 2004) , litter quality (Conn and Dighton 2000) , available phosphorus (Twieg et al. 2009 ), or moisture (Trudell and Edmonds 2004) . However, how ECM species are influenced by soil parameters in tropical countries is still unknown, and this information is especially relevant in young tropical volcanic soils. Some of these soils are only 10 cm deep, and despite this limitation for tree root growth, they are able to support mature forests even when the superficial soil cover limits tree ability for nutrient uptake. The degree of soil development influences tree growth rates (Peña-Ramírez et al. 2009 ) and may determine the distribution of ECM species as well (Rosling et al. 2003; Baier et al. 2006) .
The objective of the present study was to examine abundance, richness, and diversity patterns of ECM fungal communities associated with Pinus montezumae Lamb. var. montezumae across a volcanic soil chronosequence. We hypothesized that the changes in soil quality reported across the chronosequence (Peña-Ramírez et al. 2009 ) would influence the structure of both aboveground and belowground ECM fungal communities.
Materials and methods

Study sites
This study was carried out at the Sierra del Chichinautzin Volcanic Field, in the Trans-Mexican Volcanic Belt, south of Mexico City. This area is composed of numerous monogenetic volcanoes of different ages (Márquez et al. 1999) , where soils of distinct stages of development occur on top of the different lava flows. The Sierra del Chichinautzin area, the volcanic soil chronosequence, and the sampling sites have been previously described (see Peña-Ramírez et al. 2009 ). Briefly, the mean annual precipitation in the region ranges from 1000 to 1200 mm, with a marked seasonality: 80% of rains occur during the rainy season between June and October. The mean annual temperature varies from 10 to 14 8C according to the elevation (Silva et al. 1999) . The dominant vegetation type is a pine-oak natural forest (Velázquez 1994) , with increasing dominance of pine species at higher elevations, especially P. montezumae from 2000 m a.s.l. (Perry 1991) . A soil chronosequence was established from three volcanoes with contrasting soil properties, resulting from their different eruption times and therefore distinct stages of pedogenesis: Chichinautzin (1835 years BP), Guespalapa (4200 years BP), and Pelado (10 000 years BP). Eruptions have been precisely dated by the radiocarbon method (Siebe et al. 2004) . These volcanoes are closely spaced (less than 5 km) and are located within the Sierra del Chichinautzin Protected Area (Corredor Biológico de la Sierra del Chichinautzin). One site per volcano was selected to establish the sampling plots. The sites were chosen to avoid any other parameter to counteract the soil effects we wanted to investigate: sampling was performed at the same altitude (3100 m a.s.l.), on slopes of less than 108 with a south orientation. The stands at the three sites were natural mature pine forests dominated by P. montezumae. Since the sites are located within the core zone of the protected area, no forest management is allowed. Forest stands are approximately the same age, since forest turnover does not exceed 150 years -a dendrochronological study (V.M. Peña-Ramírez, personal commmunication, 2008) showed that the average age of P. montezumae at Chichinautzin was around 100 years, 105 years at Guespalapa, and 90 years at Pelado. Soil properties at each site have been extensively studied (see Peña-Ramírez et al. 2009 ) and relevant soil characteristics revealing differences in soil quality across the chronosequence are presented in Table 1 .
Sporocarp sampling
At each site, five sampling plots (10 m Â 10 m) were established around five P. montezumae trees, covering a total area of approximately 1 ha (Fig. 1) . On behalf of a previous dendrochronological study, pine trees of the same age were selected (around 80 years old), and the distance between selected trees was chosen as large as possible from other ECM host trees to avoid root interactions. Since sites with the same characteristics (altitude, slope, orientation, dominance of 80-year-old P. montezumae) were not possible to find within the same volcano, replicates consisted in establishing sampling plots within each site. Sporocarps were collected weekly during the rainy season inside the plots and along transects between them. These transects vary from 30 to 70 m as our sampling was biased towards the age of host pine trees. We sampled ECM communities for three consecutive years (2005) (2006) (2007) to reduce the bias caused by annual variability (Koide et al. 2007; Krpata et al. 2007 ). The weight of fresh sporocarps collected in two of the five plots was recorded weekly to assess aboveground fungal biomass. We considered as ECM species those belonging to ECM genera recognized by Molina et al. (1992) . We used both macroscopic and microscopic characteristics for sporocarp identification. Voucher specimens were dried and stored in the Herbarium of the Laboratorio Microcosmos Bioedáfico, at the Instituto de Geología, UNAM (access Nos. MCCECTC001-MCCECTC2000).
ECM root tip sampling
Since ECM root tips are predominantly found in the soil organic horizon (Baier et al. 2006; Genney et al. 2006) , we focused the sampling of soil cores on the Ah soil horizon. Table 1 shows that the thickness of the Ah horizon is quite different according to the soil development stage. At Chichinautzin, the soil cover was highly heterogeneous, with ex-tensive surfaces covered by volcanic rocks and large amounts of stones in the soil profile below 6 cm (>80% stones). At this site, small and wide cores (5 cm depth, 5 cm diameter) were used to sample the Ah horizon (which mostly represents the entire soil profile). At the two other sites, the sampling of mycorrhizas was performed with larger and narrower cores (20 cm depth, 2.5 cm diameter) to cover the same soil horizon (Ah) and to sample the same soil volume at the three sites. All cores were collected at 1 m from the pine tree, since a high density of ECM fine roots was found in situ from 50 cm from the trunk (as reported in Luoma et al. 2006) . The cores were stored at 4 8C, and ECM root tips were removed from the cores within 2 weeks, rinsed in water, and sorted by morphotype using a stereo dissecting microscope. The criteria used to differentiate ECM morphotypes were colour, texture, shape, branching pattern, rhizomorph presence, and length and diameter of the unramified ends, following the methodologies described in the Colour Atlas of Ectomycorrhizae (Agerer 1987 (Agerer -2002 . In general terms, most ECM root tips presented the characteristic dichotomy of the genus Pinus (Wurzburger et al. 2001) .
To determine the sampling effort needed for the study to be representative, we performed a prospective sampling at the Pelado volcano site, at the beginning of the rainy season of the first sampling year. This site was reported to have the most developed soil organic horizon (Peña-Ramírez et al. 2009 ) and was hypothesized to present the highest ECM diversity (Pérez-Moreno and Read 2000; Twieg et al. 2009 ). Four samples were collected from the four cardinal points around each tree to account for spatial variability and environmental microsites possibly colonized by different fungi (Bruns 1995) . A total of 13 different morphotypes were found in the 20 cores collected for the prospective sampling at the oldest site (Fig. 2c , dashed lines). Since most of the morphotypes (>90%) were found in the first 15 cores, the actual sampling at the three study sites was thereafter performed with 20 cores, as a larger sampling effort would have had high timeconsuming practical difficulties and presumably low probability to conspicuously increase the observed richness. 
Diversity and statistical analysis
We used one-way ANOVA and Fisher's least significant difference post hoc test to examine differences in sporocarp and root tip abundance and richness between sites (STATIS-TICA version 7.0). The analyses were based on the abundance and richness patterns of both belowground and aboveground ECM communities in the five plots established at each site. Species composition of both communities was represented through rank-abundance curves of the 15 more abundant ECM species and morphotypes at each site. Shannon's diversity index (Shannon and Weaver 1949) was used to evaluate the diversity of sporocarp and ECM root tip communities. This index is frequently used to assess ECM diversity (Giachini et al. 2004; Martín-Pinto et al. 2006; Twieg et al. 2009 ). As it can be problematic to compare species richness and composition between sites (Douglas et al. 2005) , the Shannon diversity index is particularly useful when it comes to neotropical forests where few studies have been carried out and comparisons are made difficult.
Results
Abundance and richness patterns in aboveground and belowground communities ECM sporocarp production was found to be significantly different across sampling sites, as both sporocarp biomass and abundance differed between sites. Sporocarp biomass (in terms of fresh mass) was significantly larger at the oldest site (37.3 ± 0.9 versus 21.0 ± 4.7 and 23.3 ± 10.5 g per plot per week according to Fisher's LSD test, p < 0.05). On the other hand, ECM sporocarp abundance was significantly larger at Chichinautzin: more than half of the collected sporocarps were found at this site (52% of a total of 2795 ECM sporocarps collected during the three sampling years). No significant differences were found among sites for sporocarp richness (Table 2) .
At the oldest site where the prospective sampling was performed, at least 87% of the species richness observed in 20 cores was represented within only 15 cores, independently from the sampling year (Fig. 2c) . The number of collected soil cores was found adequate for the 3 years, even though the total number of morphotypes differed. However, at the two other sites, the morphotype-sample unit curves did not level off (Figs. 2a and 2b) , and a larger sampling effort would have been needed to ensure the overall species diversity to be considered within the sample at each site. Regarding abundance and richness of the belowground community, and unlike the ECM sporocarp community, neither ECM root tip number nor ECM morphotype number were significantly different between sites (Table 2) , despite the existing disparities in soil qualities. Diversity index and species composition of the ECM communities Shannon indexes are presented in Table 2 . The lowest diversity was found at the middle-aged site for both aboveground and belowground communities, although the differences were not significant at the belowground level. The lower diversity at this site confirms the abundance and richness patterns described above.
The genera Inocybe and Laccaria were abundant at all sites, accounting for 29% and 17% of total abundance, respectively (see supplemental Table S1 2 ). Comparing the relative abundance of dominant sporocarp species (Figs. 3a-3c ), we observed that three dominant fruiters were common to the three sites: Laccaria bicolor (Maire) P.D. Orton, Inocybe cookei Bres., and Inocybe sp. 6. Some site-exclusive species were also dominant, such as Gomphus floccosus (Schwein.) Singer and Amanita muscaria (L.) Lam. at Chichinautzin; Amanita sp. 1 and Astraeus hygrometricus (Pers.) Morgan at Guespalapa; and Tricholoma imbricatum (Fr.) P. Kumm. and Cantharellus cibarius Fr. at Pelado. The largest proportion of sporocarp species was siteexclusive (51.6%) and only 29 of the 153 species (19%) were shared among the three sites, which suggests that the species composition of the aboveground ECM community varied according to the site. On the other hand, at the belowground level, site-exclusiveness was lower: only 15% of morphotypes were site-exclusive, whereas 34 of 40 morphotypes (85%) were found at least at two sites (see supplemental Table S2 for morphotype description and Table S3 for morphotype relative abundance 2 ). The three most abundant morphotypes were morphotypes 30, 15, and 23 and represented 10%, 9.4%, and 8.9% of total abundance, respectively. Three of the dominant taxa were common to the three sites: morphotypes 15, 23, and 24. Site-exclusive morphotypes were found to be abundant only at the oldest site (morphotypes 8, 18, and 28). Nevertheless, morphotype composition varied across the chronosequence (Figs. 4a-4c) .
The five most abundant sporocarp species represent 41.3% of total abundance at Chichinautzin compared with 43.2% at Guespalapa and 31.4% at Pelado. At the belowground level, the five most abundant morphotypes represent 47.2%, 59.9%, and 44.2% at the young, middle-aged, and old sites, respectively. Dominance patterns are stronger at Guespalapa, for both sporocarp and ECM root tip communities (the most dominant species represent more than 15% for both communities), owing to the lower abundance and species richness observed at this site.
ECM morphotypes associated with Pinus spp. in tropical countries remain largely uncharacterized. Despite this lack of information, one of the sampled morphotypes was identified as Cenococcum geophilum Fr. (morphotype 1), and others were similar to those described in the genera Laccaria (morphotypes 7 and 11), Tomentella (morphotype 8), Inocybe (morphotype 23), Hebeloma (morphotypes 29 and 37), Lactarius (morphotype 3), and Chroogomphus (morphotype 39). The simple features that were used in this study to characterize the ectomycorrhizal morphotypes (colour, size, texture) did not allow a major correlation between dominant sporocarp species and the identified morphotypes, except for morphotype 23 (Inocybe-like), present at the three sites, which is coherent with the results of the sporocarp community.
Discussion
Abundance and richness of ECM fungal communities
We observed differences in ECM sporocarp abundance and biomass among the three sites. Since the species and age of host trees were held constant, soil properties might possibly be the determinants of the differences found in the aboveground community among sites. Our results are consistent with the findings of Trudell and Edmonds (2004) who stated that sporocarp production is influenced by soil properties like moisture and nitrogen content, but they found no correlation between these factors and species richness. The largest sporocarp abundance was found at the youngest site, whereas the largest sporocarp biomass (in terms of fresh mass) was observed at the oldest site. It is important to consider that fresh mass of fruiting bodies could largely depend on the characteristics of dominant species at each site. At the oldest site, the three dominant species (Tricholoma imbricatum, Amanita flavoconia, and Cantharellus cibarius) usually have much larger sizes and weights than those dominant at the two youngest sites (Laccaria spp., Inocybe spp., and Helvella spp.). Additionally, fresh biomass of fungal fruiting bodies, even within the same species, varies with available soil water and previous precipitation events (Luoma 1988) . The larger amount of available water at Pelado (Table 1 ) may explain the larger sporocarp biomass at this site, and dry fungal biomass would have been a more adequate indicator of community structure in this context. The larger mass of fungal fruiting bodies at Pelado may also be related to the total carbon content of the Ah soil horizon at this site (Table 1 ). According to Tóth and Feest (2007) , a high sporocarp production means that fungal species possess enough nutrients and energy to sexually reproduce. This energy could be provided by the host as photosynthates or might be taken from soil carbon when fungal species have the ability to use carbon from other sources (Nara et al. 2003a ). On the other hand, the largest sporocarp number was collected at Chichinautzin, where the available phosphorus content of the soil organic horizon was the largest of the soil chronosequence. Further work is needed to establish precise relationships between soil factors and ECM sporocarp number, such as describing the soil properties at each sampling plot to carry out precise correlations.
The simple morphological characterization did not allow us to find significant differences at the belowground level among our study sites, neither in abundance nor in richness, although soil properties across the chronosequence were contrasting. The results of prospective sampling clearly show that sampling effort needs to be determined at each study site separately, as indicated by the discrepancy between the prospective sampling curve and the morphotypesample unit curves of the Chichinautzin and Guespalapa volcanoes (Figs. 2a and 2b) . We carried out the prospective sampling at the oldest site, assuming that root tip abundance would be higher at this site, since the Ah soil horizon was the most developed. However, the root tip abundance was larger, even if not significantly larger, at the youngest site with the driest and shallowest soil, and therefore, ECM root tip richness might have been underestimated at the two youngest sites of the chronosequence. Young volcanic soils have a large spatial heterogeneity caused by the irregularities in the surface of the lava flows (Aplet et al. 1998) , which may enhance, to a larger extent than expected, differences in fungal communities (Reverchon et al. 2010) . The relatively small water holding capacity and large evaporation rates at this site may be limiting factors for tree growth, and the presence of ECM fungi associated with the roots of P. montezumae is therefore crucial for water uptake. Gehring and Whitham (1994) reported that ECM symbiosis was more relevant for plants growing in arid and less fertile soils and suggested, in a following study (Gehring et al. 1998) , that ECM communities may be buffered in extreme soil conditions by the energy they received from their hosts. The different core proportions used to counteract the different thickness of the soil organic horizon (Ah) between the young site and the oldest ones may also have caused the discrepancy in root tip abundance. The largest root tip number was found at Chichinautzin where only the upper 5 cm of the soil organic horizon was sampled. The percentage of ectomycorrhizal fine roots decreases with soil depth, and some reports showed that ectomycorrhizas are mainly distributed in the topsoil (0-5 cm) of organic forest floor and that their quantity decreases drastically below 5 cm (Hashimoto and Hyakumachi 1998; Baier et al. 2006) , although other studies evidence the contrary (Rosling et al. 2003) . The largest topsoil (0-5 cm) volume sampled at Chichinautzin may have increased the number of ECM fine roots and, therefore, may be responsible for the high ECM root tip values found at this site. However, total root tips per core was not significantly different among sites (an average of 48 ECM root tips per core were sampled at Chichinautzin compared with 52 at Guespalapa and 33 at Pelado).
As was previously stated, there is poor correspondence between aboveground and belowground ECM fungal communities (Gardes and Bruns 1996; Horton and Bruns 2001) . However, the comparison between the abundance of both communities is made difficult by the differences in the sampling frequency: sporocarps were collected weekly during 3 years, whereas ECM root tips were sampled once a year. Most studies on ECM communities sampled ECM root tips only once a year because of practical limitations (Visser 1995; Gardes and Bruns 1996; Jonsson et al. 1999; Saari et al. 2005; Urban et al. 2008 ). Sampling intensity was also different, since sporocarps were surveyed in 100 m 2 plots, whereas ECM root tips were collected from cores of 98.175 cm 3 . The volume of soil cores may have been too small to accurately assess the spatial variability of belowground communities and to consider rare morphotypes, and this may have caused the discrepancy found between the larger number of sporocarp species compared with the number of ECM morphotypes. It was previously reported that the distribution of ECM root tips is clustered and that moving the sampling point by as little as 10 cm can yield large differences in species richness and abundance (Gardes and Bruns 1996; Taylor and Bruns 1999) . This patchy distribution makes prospective sampling necessary. In a study on community succession, Twieg et al. (2007) set their sampling effort to 40 soil samples, but despite this large amount of analysed cores, the morphotype-sample unit curves did not level off. They concluded that they did not manage to account for all the species present at their study sites and emphasized the importance of sampling in diversity assessment. Spatial variability of ECM root tips is generally assessed via the collection of various soil cores per plot; however, cores are usually collected once and therefore seasonal and annual variability may not be accounted for.
Temporal variability is also a factor to be considered when sampling ECM fungal communities. Sporocarp and root tip collections were performed in summer, since fruiting in the area only occurs during the rainy season and trees invest a larger part of their carbon flux into roots at this time of the year (Smith and Read 2008) . However, some morphotypes might only occur during the dry season (Koide et al. 2007 ) and therefore will not be represented in this sampling. To reduce annual variability, we meant to achieve exhaustive sampling by repeating both aboveground and belowground samplings for three consecutive years.
The larger species number observed for aboveground communities may also be due to the level of identification: sporocarps can be precisely identified with proper taxonomic training, whereas using simple morphotyping to differentiate belowground ECM species may have led to an underestimation of species richness associated with host roots. The lack of differences among the belowground ECM communities at the three study sites may have been caused by the possible clustering of distinct species difficult to distinguish with morphological criteria only, especially since we did not characterize cellular patterns and structure of fungal mantle. However, morphological methods are necessary for a first differentiation of ECM species to establish dominance patterns in ECM community structure and to carry out further molecular analyses. Molecular techniques are currently applied to identify the main ECM morphotypes sampled at the three sites. It is quite possible that the number of ECM taxa found belowground might increase with the higher resolution of molecular tools. Nevertheless, morphotyping as a first step to determine ECM fungal communities is especially important in tropical countries where knowledge on existing ECM fungal species is still scarce despite the high ECM plant diversity reported in these regions (Morris et al. 2008) .
Various studies reported changes in ECM community structure in response to host growth (Visser 1995; Jonsson et al. 1999; Twieg et al. 2007) , and it is possible that the resemblance among belowground ECM fungal communities associated with P. montezumae in natural mature forests at the three sites is related to the fact that the selected trees were approximately the same age. Since different ECM species have different preferences for the soil environment (Taylor and Bruns 1999; Lilleskov et al. 2002; Trudell and Edmonds 2004) , species composition of the ECM community is then more likely to be directly related to soil quality than abundance or richness. Other studies have demonstrated this lack of direct relationship between soil conditions and ECM community abundance and richness (Kernaghan et al. 2003; Twieg et al. 2009 ) but have found an influence of soil type on fungal community composition (Gehring et al. 1998) .
Diversity index and species composition of ECM communities
Diversity values were found to be significantly different among the three sites for aboveground communities. The values presented in Table 2 are consistent with others reported for Pinus forests. Martín-Pinto et al. (2006) calculated a Shannon index of 1.95 for sporocarp communities in an undisturbed P. pinaster forest in Spain. The higher diversity index obtained by these authors compared with our value might be due to the fact they considered saprophyte sporocarps as well. The youngest site of the chronosequence, despite its more extreme soil conditions, was able to sustain the most diverse ECM sporocarp community. However, possibly because of the low level of taxonomic resolution of morphotyping, no significant differences among sites were found at the belowground level. In tem-perate regions, diversity of ECM species was found to be positively correlated with soil pH values (Shaw and Lankey 1994; Baar 1996) . In volcanic neotropical areas, our results showed the contrary, since species diversity was higher at the youngest site, which was also the more acidic one. Given that different species of ECM fungi respond differently to pH and other soil parameters, species composition patterns of the ECM community should be further investigated.
The relative abundance curves (Figs. 3 and 4) show that both aboveground and belowground ECM communities are characterized by a variety of codominant species. This pattern has been previously reported (Visser 1995; Nara et al. 2003b) , with ECM communities usually presenting a high number of rare species and, therefore, little overlap in species composition. Dominance patterns were stronger at the middle-aged site, which is consistent with the smaller abundance and lower species richness observed at this site. The large bulk density and the relatively low nutrient availability at this site may explain the lower diversity at Guespalapa. Dominant sporocarp species at Guespalapa and at Chichinautzin belonged to the genera Laccaria, Helvella, and Inocybe, reported to be ''early-stage'' species (Nara et al. 2003a) , usually associated to smaller hosts and more extreme conditions. Morphotype 1 (C. geophilum) was found to be abundant at the youngest site. Cenococcum geophilum is reported to be distributed in a wide range of ecosystems and to be resilient to drought stress (Wu et al. 2005) , which may explain its presence at Chichinautzin. The abundance of early-stage species at the two younger sites of the volcanic chronosequence may be justified by soil conditions, likely to be stressful for both trees and ECM fungi.
Implications for ECM community studies in neotropical forests
Given the high diversity and the patchy distribution of ECM fungal communities in coniferous forests (Douglas et al. 2005) , it is necessary to determine the needed sampling effort at each site before starting the definitive sampling to account for a representative number of morphotypes. The use of diversity indexes to characterize ECM fungal communities is useful to standardize and compare differences in community structure, since high variation in species abundance and frequency may make any comparison difficult. In this study, sporocarp communities were found to vary among sites, whereas most ECM root tip morphotypes were common to the three sites. Precise identification by molecular methods is recommended, as morphological determination might have underestimated the existent diversity.
The study of ECM community composition generates relevant information for forest conservation at these sites. Fungal genera like Laccaria or Inocybe, which were present at sites with different soil characteristics, could be used as a potential source of ECM inoculum if they proved to be feasibly cultivated and able to successfully establish symbiosis with pine seedlings. Laccaria laccata and Laccaria bicolor have been tested for inoculum potential (Pera et al. 1999; Quoreshi and Timmer 2000; Teste et al. 2004 ) and have been found to stimulate, in some cases, the growth of conifer seedlings. On the contrary, Inocybe species have been less studied, although this genus is widely distributed from the Arctic to the tropics (Cullings and Makhija 2001 (Velázquez 1994; V.M. Peña-Ramírez personal communication, 2008) . Our work was conducted within a protected area, but these forests are located in the surroundings of the Mexico City area, where intensive forest exploitation starts to occur. Reforesting with seedlings inoculated with native fungal species adapted to local soil conditions could increase seedling survival in poorly developed soils. This is particularly true where large evaporation rates limit natural forest regeneration, as is the case for the Sierra del Chichinautzin.
